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ABSTRACT

Impoundment effects override natural, reach-based channel geomorphology influences on seasonal waterbird distribution in
Grand Canyon along the Colorado River downstream from Glen Canyon Dam. Large winter waterbird populations were rare
or non-existent prior to completion of Glen Canyon Dam in 1963, and pre-dam summer breeding was rare. Post-dam river
corridor surveys of 13 geomorphological reaches from 1973 to 1994 detected 58 species of waterfowl, waders, shorebirds and
piscivorous raptors, with a grand mean of 3238vaterbird§/reach (SE=31-0, n=727 reach surveys), and a mean area-
adjusted rate of encounter (AARE) of 382waterbirdskm>h™ of observation per reach (SE69-1). The post-dam
assemblage has been dominated by Anseriformes (13 diving and 12 dabbling species) and includes regionally significant
populations of wintering waterfowl and bald eagle, and breeding mallard. Most wading birds and shorebirds occur primarily as
migrants or summer vagrants.

Total waterbird AARE was greatest in the productive clear water (CW) and variably turbid (VT) segments upstream from
the Little Colorado River (LCR) (km 98), decreasing downstream on the usually turbid (UT) lower Grand Canyon segment.
Mean total winter waterfowl AARE was 107 and decreased by three orders of magnitude from the CW to the UT segments
(p=0-0001). Mean total summer AARE was72 and also decreased across the turbidity segmprt({066). In contrast,

AARE varied little between wide and narrow geomorphological reaches. Total AARE was d@nind *3-fold greater in

wide versus narrow reaches within the VT and UT turbidity segments, respeciivel§-0002). Winter AARE was threefold
greater p =0-0002), while summer AARE was equivalent between wide and narrow reaches. These tributary-related turbidity
and geomorphological reach width factors contributed to a non-linear, circuitous shift in the waterbird assemblage over
distance downstream from the dam, differentially affecting the seasonal distribution of waterbird feeding guilds. We discuss
flow regulation and habitat management implicati@@sl997 by John Wiley & Sons, Ltd.
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INTRODUCTION

Flow regulation is an ubiquitous modification of fluvial ecosystems (Ward and Stanford, 1979; Lillehammer and
Saltveit, 1984; Gore and Petts, 1989) that can influence the distribution of riverine waterbirds (aquatic and semi-
aquatic avifauna) through modification of habitats and food resources. The natural channel geometry of large,
complex rivers also affects waterbird food and habitat availability (Hupp 1988; Stetexs 1995, 1997), but

the influences of flow regulation versus natural channel geomorphology on river waterbird distribution have not
been differentiated. Such information is important for evaluating the extent to which flow regulation alters the
trophic structure of river ecosystems.
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River reguktion effectson waterbirddistribution are of ecologtal interestbecausef the changingstatusof
someeconomicdly important speciesowing to recreatonal hunting and land developnent (Caithamer et al.,
1994), legal and consevation biology issues(e.g. endangeré speciesmaragement),effects on ecosysta
nutrient dynamics(AndrikovicsandAndrikovics, 1992),humanhealthissueqi.e. transmision of paraites;Blair
and Finlayson, 1981),and habitatrelation$ips (Dahl, 1990; Gregoy et al., 1991; Rushtonet al., 1994).Long-
term monitoring from 1955to 1994in the United Statesshowsthat Canadagoose(Branta canadens), gadwal
(Anasstreperg andnorthernshoveler(A. clypeat) popuktionsincreagd, while green-wingedted (Anascrecca)
andcanvaback(Aythya valisinelia) populationsremanedunchamged,northen pintail (Anasacut) populations
decrease and Americanwigeon(Anasamericand andblue-wingedteal (Anasdiscor9 popukbtionsfluctuatedin
abundace (Flather and Hoekstra, 1989; Caitharer et al., 1994). Bald eagle (Haliaeetus leucocepalug
popubtionshavedeceasedSpenceetal., 1991)or increasedBrown etal., 1989; Huntetal., 1992;Brown and
Stevens,in pres) in regulatedriver ecosytems depenihg on maragementpractices Seveal wadng and
shorebid populationshavedeclinad alongregulatedivers (Repking andOhmart, 1977 Books,1985;Ziewitze et
al., 1992). Few dataare availeble on populationtrendsof sone passene river waterbrds, suchas American
dippers (Cinclus mexcanug and pipits (Anthus spp.), or other terrestial vertebrags, in regulatedriver
ecoswtems(Nilssonand Dynesus, 1994).

Flow regulaton alters large river ecosytemsthrough complex changs in hydrology and flood frequeng;
sedimat transport;water chemidry, tempeatureand clarity; organicdrift; and wetlandandriparian vegetaion
cover (Miller et al., 1983; Armitage, 1984; Nilsson, 1984; Hupp, 1988; Ohmat et al,. 1988; Lieberman and
Burke, 1993). Short-term flow variation may erodestreamsidenabitatsand changereach-base@nd microsite
resourceavailablity (Schmid et al., 1995; Stevenset al., 1995), resulting in speciesspeific changs in
waterbid distribuion (Rickard et al., 1982; Ziewitze et al., 1992).In addtion, flow regulation may increase
predatia pressureincluding human hunting (Books,1985; Andersa andOhmart,1988).Tributary contributions
of flow andsedmentincreag turbidity andnaturalflow variability dowrstream dependhg on tributary sizeand
location(Ward and Stanbrd, 1983;Minshal etal., 1992;Roos andPiertese,199). Thus,flow regulaton resets
key physicalparaméers,particularly in large,geobgically constainedrivers. Thesechange areoverlaid on pre-
existingchanné conditionswhich were previousy govenedby naturalgeonorphologtal processs. Therefore,
flow regulaton may affect watemird distribution by altering resourceavailability.

Waterlird assemblagerespondstrongy to dam-induced habtat changs, and are indicatorsof ecosystm
change Waterhrd populationsoftenincrea® on reservoirdn respmseto developnent of new habtatsandfood
resourcs (Wiebe 1946; Andersa and Ohmat, 1988; Grubaughand Andersm, 1988 Breininger and Smith,
1990;Fruget,1992),andvary accoding to seasonmigrationroutes(Pandg, 1993)andlake surfacearea(Weller
andBatt, 1988; EImberget al., 1994). Although waterbirdsare generdly regardedasrarein fluvial ecosytems
(Steek and Vander Wall, 1985), the few studes condicted on waterbids on impoundel rivers indicate that
significant population change have occured following flow regulation (Rickard et al., 1982; Anderson and
Ohmat, 1988).Therefore,changs in watebird populationson dammael riversmay help distingush betweenthe
effectsof flow regulation andthe influencesof naturalchanné geomorplology on river ecosgtems

We examiredtheinfluencesof Glen CanyonDamandnaturalchannelgeonetry onthe seasonatlistribuion of
five ColoradoRiver watelbird feedingguilds: dabbling wateffowl, diving watefowl, wading birds, shorebirds
andpiscivarousraptors First, we presenta synopss of historicd informationto evaluae pre-damandpost-dam
waterbid distribution. Next, we preenta reach-basednalysis of postdamwaterbid distribution to distinguish
betwea the influences of seasnality, flow regulaton (distance-relad turbidity) and geonorphology. We
discussthe mechansms respondile for these pattens and changs, and the implications for watebird
managerentin large regulatedriver ecosystms.

METHODS

Studysite and backgiound

The ColoradoRiver flows 472km anddropsfrom 957m to 370m elevation (a total of 590m) betwee Glen
CanyonDam and Lake Mead Arizona.The river traversesthe desertof lower Glen Canya andall of Grand
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Canyon(Figure 1). Glen Canym Dam lies 24-6 km upsteamfrom LeesFerty, from which distan@salong the
river are measued. Hunting was permited on the uppemost 24km of the river in Glen Canyon National
Recration Area (exeept nearGlen CanyonDam andat LeesFerry) during this study,but notin Grand Canyon.
Additional climateand geographtal information,andthe history of flow regulation arediscussd in Selless and
Hill (1974), Howard and Dolan (1981), Schnidt and Graf (1990), Marzoff (1991), and Stevens et al. (1995,
1997).

The ColoradoRiver betwea Glen CanyonDamandLake Meadincludes13 bedrak-definedreachegHoward
and Dolan, 1981; modified from Schmdt and Graf, 1990; Table I). Reducedflood frequeny and sedimat
transpot (turbidity) hasalteredsomegeomorplologicd chaacteristic of the ColoradoRiver, including extentof
channé bed armouing and the geometryof riffles and rapids (Kieffer, 1985), thereby affecing substate-
depenént produdion of bentic and riparian vegetaion. Theseresource comprise the autochhonouslower
trophic levels and potential food and habitatof waterbirds.Water clarity and benthic produdion in the upper
123km hasbeenassocited with increaseddensitiesof rainbow trout (Oncorhyndus mykis), wintering bald
eagleandbrealing mallard (Anasplatyrhyncho$ (Brown et al., 1987,1989;Blinn andCole, 1991; Blinn etal.,
1995;Stevensetal. 1997).Riparianandlow velocity aquatichabtat andfood resairceavailability arepostively
correlatedwith reat width (Stevenset al., 1995), and increagd post-damshordine and wetlandand riparian
vegetaion are correlate with river avifaunadensty (Turner and Karpiscak,1980; Brown and Trosst, 1989;
Johnsao, 1991).

Water clarity decrease®ver distan@ from Glen Canyon Dam as tributaries contibute seasonallyarying
suspededsedimet loads (Andrews, 1991; Tablel; Figurel). This create threemajor turbidity segnentswithin

Lake Powell

UT
Segment o Ccw
<<l Tp, 4 Segment -
g UTAH 2,
S = - Y <A N O Lo
=5 ARTZONA < ep?\ =
=l & R
ﬁ & — 7
' g Eron
|5 10 3 o
s S ° 4 VT
i = \ d G Segment
Lake £ TS /
Mead 3 ARRARRA Y f s oraT TN
S s rf P " 200 _._.f‘:“m';l LN 2
Y 2 Cpark. e
...... 2 N e ‘ %
J 100
<8 OO(
& PR %,
< 6 o)
1,
%

© FUGSTAFT

Arizona

© PROENX

23 0 10 23
B ——

Scale of Kilomelers

Figurel. Map of the ColoradoRiver between_ake PowellandLake Mead,Arizona, including major tributaries.Turbidity segmentsnclude
the clearwater (CW, the geomorpblogically wide reachl), variably turbid (VT, wide reache and5, andnarrowreaches3 and4) and
usuallyturbid (UT, wide reachess and 11, and narrowreaches’—10and 12) segmerg. Reachnamesare listed in Tablel
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Tablel. GeomorphologicalteacheqFigure 1), selectedreachcharacteristicand durationof waterbird censuses/readhetweenGlen CanyonDam and Lake Mead,

Arizona, 1973-1994

Distance Reachname Mean Water Mean Mean 1991 Mean 1991 Total Number Mean Total
from Lees (number$ reach surface Secchi AFD algal AFD invert 1991 of surveys census census
Ferry (km)® width area depth mass(m)® mass(m)® marsh perreach duration duration
(m)° (km?)P° (m)° cover (h, 1SD) (h)
(hay'
—246-1:0 Glen Canyon(1) 158 W 404 544101 700£1996  1-3444-03 — 49 0-52 (0-306) 2538
1-0-177 PermianGorge(2) 94 W 157 434212  0-38+1-46 0-2140-78 0-77 65 2-32(0-821) 15064
17-7-362 SupaiGorge(3) 52N 0-96 — — — 0-31 59 197 (0938) 11608
362644 Redwall Gorge (4) 62N 175 10+1.01 0081028 0-02140-05 0-74 65 347 (1699) 22583
64-4-986 Marble Cyn (5) 88W 301 114110 0761310 0-1010-29 514 69 548 (2679) 37838
986-1245  FurnaceFlats(6) 96 W 2-49 09+136 0991236 0-0410-21 146 64 2:94 (1-705) 18830
1245-1895  UpperGranite(7) 51N 332 09+180 032+42-33 0-0210-08 0-49 65 7-49 (3239) 48708
1895-2019  Thelsles(8) 56N 0-69 — — — 0-64 51 1-82 (0-900) 9262
201:9-2253  Mid. Granite(9) 52N 122 — — — 0-45 57 341 (1676) 19428
2253-2574  Muav Gorge(10) 48N 154 031042 0071017  0-0310-10 0-40 55 3-76 (14638) 20661
257-4-3441  Lower Canyon(11) 80W 694 061040 0431084 00214009 1258 59 995 (2:712) 58703
3441-3862  Lower Granite(12) 68N 286 061010 0524175 00214015 4-46 56 3-03(1667) 16980
3862-4489  UpperL. Mead(13)  235W 14-73 — — — — 13 4-94 (1-513) 64-22

Modified from Schmidtand Graf (1990); N, narrowreach,W, wide reach
bDerivedfrom Rande and Pembeton's (1988 flow routing dataat a dischargeof 425m®s™,
°Stevenset al. (1997) ash-feedry (AFD) standng biomassdatafrom 1991.

dStevenset al. (1995.
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theriver, asdescibedby Stevensetal. (1997} the clearwater(CW, km —24-6 to 1-0) segnentbetweerthedam
andthe PariaRiver confluerte (km 1-0) contairs the wide, cold-stenotlermic Glen Canyonreach,with elevated
waterclarity andbenthicalgalandinvertebratestandingmass(Angradi andKubly, 1994;Blinn etal., 1995).The
variably turbid (VT, km 1-0 to 98) segmenbetwee the Paria River andthe Little ColoradoRiver (LCR) contains
two narrowandtwo wide reacheswith sedimet concentrationsasgreatas 7800009/l contibutedby the Paria
River (Graf et al., 1991). The usually turbid (UT, km 98 to 386) segmentrecaves suspaded sedimeat from

upstrean reachesthe LCR, KanabCreekandothertributaries,and contairs five narrow andtwo wide reades,
including the wide upperLake Meadreach.

Historic waterbird distribution

Behle (1948) Behle and Higgins (1959) and Woodbuy (1959) conduded limited avifaund studesin Glen
Canyonprior to impoundnent; however no detailed avian studieswereperformedon the pre-damriver in Grand
Canyon. To determire pre-dam watembird distribuion, we interviewed two pre-dam residens, two dam
constrution workersand10 pre-danriver runnes, andcompiledinformationfrom 31 publishel andunpublshed
journals and repots on =29 partial or full pre-damriver trips during all months exceg April (Tablell and
Apperdix).

Journalinformation may be unreliable in that (i) durationsof observationswithin any reat were typically
brief andthereforemay not havebeenrepresenttive, (i) expediton membes may havebeenpoorobserves, or
(iif) observes simply may not have recordedwaterbids they saw. Howeve, many early river explorerswere
professbnal huntes andtrapperswho were awae of the significance of their expedtions, andwere sufficently
inspired to documenttheir expeditons carefully, including the wildli fe they encouttered.We havebeencareful
not to overextendconclusionshasedon thesehistorical data

Field data

We surveredwaterbirdabundaceduring42 full and62 partid river trips ( =>2886hoursof obsewation)from
1973to 1994 (Tablel). Waterbirds wereenumeréed andidentified by oneto three obsewersfrom motorizedor
oar-poveredrafts. Theriver is genearlly narrow (23 to 150 m wide) andcontairs few islands;therefae, we were
ableto view virtually the entireexpansef theriver duringthesesurveys Only waterbirdshatwerepassd by the
boat or flew upstrean were counted,providing consevative estimaes of abundace. Additional data were
collededfrom 1990to 1994at LeesFerryby surveying a 0-75-kmreachof therivervisible from km 0. Datawere
compiled by reachand feedng guild (Table Il). Barron’s goldeneye(Bucephéus islandicg probalty occurs
rarely in large winter flocks of commongoldeneye(B. clangulg), but nonewere deteced by us.

Analyses

We standardizedwatembird abundace data for speciefarea effects and the duration of observaibn. The
geomaphologicalreachessary in width andwatersurfacearea,sowe calculatedthe watersurfaceareaof each
reachat 425m3/s (nearthe grandmeanpostdamflow) usingRandle and Pembertors (1988)flow routing data.
Daily kinematic wave movementthroughtheserelatively long reachesconfoundsprecisecalculation of water
surfacearea,and we did not attemptcalcultion of surfaceareaunder unseady flows. Also, the duration of
waterhrd observaibn periodsvariedbetwea motorized versusoar-poveredrivertrips. We stardardizedour data
by dividing raw watebird couns on eachreat by the water surface areaand the duration of observaibn,
creatingan areaadjustedrate of encounter(AARE):

AARE I(Number of birds)/(Reach area)/(Duration of observation)

with units of birdskm™2h™2. Inter-observereffects were not significant (p =0-059); therebre, we pooledall
AARE datg but consevatively evaluatedour resuts (Verne andMilne, 1989).

We contastedeffects of distancefrom Glen CanyonDam (acrossthe three turbidity segmentswith reach
width and seasonalwatembird distribution. We conduded separateserial Bonferroniadjusted (Rice, 1939)
Friedman analseson guild AARE databy read, using trip as a blocking factor (Wilkinson, 1990). These
analysesand Mann-Whitney tegs were conduded sepaately by seasonfor 33 winter, 12 spring (April), 38

(©)1997 by JohnWiley & Sons,Ltd. Regul.Rivers.Vol. 13, 151-169(1997)
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Tablell. Rawabundancése) andAARE (SE) by seasonof all waterbirdspeciesobservedn the ColoradoRiver betweenGlen CanyonDamandLake Mead,Arizona, 1973—
1994. Astericesindicatespecieghatwereobservedrior to impoundmentn 1963.0therrarespeciegeportedby otherobserverareincludedbelow (from Brown etal., 1994)

April (n=98) Summer(n=390) October(n =33) Winter (n=206)
Mean Mean Mean AARE Mean Mean Mean AARE Mean Mean Mean AARE Mean Mean Mean AARE
Commonname Scientificname ~ Guild number  SE AARE SE number  SE AARE SE number  SE AARE SE number SE AARE SE
CommonLoon Gaviaimmer DAB 0 0 0 0 0-003 0-003 0-001 0-001 0-03 0-03 0-001 0-001 0 0 0 0
PiedBilled Grebe  Podilymbus DIV 0 0 0 0 0-003  0-003 t t 0 0 0 0 0-068 0-054 0-18 0-135
podiceps
HornedGrebe Podicepsauritus DIV 0 0 0 0 0 0 0 0 0-03 0-03 0-006 0-006 0 0 0 0
EaredGrebe Podicepsnigricollis DIV 0-02 0-014 0-262 0259 0-003 0-003 0-001 0-001 0 0 0 0 0-005 0-005 t t
WesternGrebe* Aechmophorus DIV 0041 0025 0-093 009 0-021 0-016 t t 0061 0-042 0517 0508 0-01 0-007 0-238 0-168
oxidentalis
AmericanWhite Pelecanus DAB 0112 0-112 0-092 0092 0-003 0003 0-001 0-001 0 0 0 0 0 0 0 0
Pelican erythrorynchos
Double-crested Phalacrocorax DIV 0-01 0-01 0-002 0-002 0-005 0-004 0-001 0-001 0091 0-05 0018 0-01 0-005 0-005 t t
Commorant auritus
GreatBlue Heron*  Ardeaherodias WAD 0-316 0-069 0-063 0-021 0-413 0-052 0-276 0-154 0-758 0-161 1672 1-52 0-981 0-101 1-14 0-351
Snowy Egret* Egrettathula WAD 05 0-176 0-182 0092 0-085 0024 0-016 0-005 0-333 0-299 0-044 0035 O 0 0 0
Cattle Egret Bubulcusibis WAD  0-02 0-02 0015 0015 0021 0012 0003  0-002 0 0 0 0 0 0 0 0
Green-backedHeron Butoridesstriatus WAD 0 0 0 0 0-008 0-004 0-001 0-001 0 0 0 0 0 0 0 0
Black-crowned Nycticorax WAD 0051  0-033 0018 0-017 0-021 0-008 0-005 0-003 0 0 0 0 0-005 0-005 t t
Night Heron* nycticorax
White-facedlbis* Plegadischihi WAD O 0 0 0 0-015 0-007 0-002 0-001 0 0 0 0 0 0 0 0
TundraSwan CygnuscolumbianusDAB 0 0 0 0 0 0 0 0 0 0 0 0 t t t t
SnowGoose* Chencaerulescens DAB 0 0 0 0 0 0 0 0 0 0 0 0 t t t t
CanadaGoose* Brantacanadensis DAB 001 0-01 0-002 0-002 0-013 0-008 0-002 0-001 0 0 0 0 11-417 2102 10-058 3591
Wood Duck Aix sponsa DAB 0 0 0 0 0 0 0 0 0 0 0 0 0-005 0-005 0-001 0-001
Green-wingedTeal* Anascrecca DAB 0-726 0-382 2:752 2592 0-469 0-146 0-087 0-034 0-788 0-404 0-123 0-093 1-316 0-363 3-:016 0-943
Mallard* Anasplatyrhynchos DAB 3-735 1-24 2:421 1-822 2-682 0-383 1-069 0-51 5848 2-157 31-141 19-856 2:432 1-761 32:342 7-588
NorthernPintail* Anasacuta DAB 0 0 0 0 0 0 0 0 0 0 0 0 0-859 0652 0-811 0-464
Blue-wingedTeal* Anasdiscors DAB 0-337 0-146 0-078 0-042 0-441 0-157 0-059 0-021 0-667 0-598 0-116 0-097 0-218 0-194 0-288 0-224
CinnamonTeal* Anascyanoptera DAB  1-316  0-31 1564 1296 0254 0064 0064 0028 0 0 0 0 0-374 0-265 0-391 0-331
NorthernShoveler Anasclypeata DAB 0173  0-138 1044 1036 0023  0-016 0-016 0-012 0 0 0 0 0-024 0-014 0-128 0-125
Gadwall* Anasstrepera DAB 1-316 1-179 2:542 1-579 0-031 0-017 0-083 0-079 0-333 0-213 6-216 6-092 22233 4-585 255076 54683
AmericanWigeon  Anasamericana DAB 0235 0-132 0-888 0-864 0-008 0-006 0-002 0-002 003 003 1547 1523 17277 3239 149547 29616
Canvasback Aythyavalisineria DIV 0 0 0 0 0 0 0 0 0 0 0 0 0-369 0-197 1473 0-698
Redhead Aythyaamericana DIV 0-01 0-01 2:17 1915 0 0 0 0 0-152 0-076 3-617 2-158 4-35 1175 43132 12-006
Ring-neckedDuck  Aythyacollaris DIV t t 0-347 0-345 0 0 0 0 0 0 0 0 3-345 1152 40272 17782
LesserScaup Aythyaaffinis DIv 0 0 0 0 0-008 0-004 0-001 0-001 0-03 0-03 1547 1-523 9471 2797 147218 42659
Oldsquaw Clangulahyemalis DIV 0 0 0 0 0 0 0 0 0 0 0 0 0-019 0-01 0-282 0-14
Surf Scoter Melanitta DIV 0 0 0 0 0005 0004 t t 003 003 1547 1523 0058 0023 1-019 041
perspicillata
White-wingedScoter Melanitta fusca DIV 0 0 0 0 0 0 0 0 0 0 0 0 0-029 0-022 0-28 0-235
CommonGoldeneye Bucephalaclangula DIV 1316 0572 0-874 0548 0005 0004 0001 O 0212 0-181 9293 9139 32607 5294 72597 26439
Bufflehead* Bucephalaalbeola DIV 1051 0-856 12-742 12-264 0-003 0-003 0-001 0-001 0-879 0-675 38684 3368 2-398 1-956 190611  43-905
HoodedMerganser* Lophodytes DIV 0 0 0 0 0 0 0 0 0 0 0 0 0-184 0-057 3126 1-088

cucullatus
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Red-breasted Mergusserrator DIV t t t t 0 0 0 0 0 0 0 0 0 0 0 0
Merganser*
CommonMerganser Mergusmerganser DIV 0-459 0-112 0-106 0-046 0-372 0-078 0-071 0-019 0545 0-321 0-097 0-059 4-956 0-815 12-898 3597
Ruddy Duck Oxyurajamaicensis DIV 0 0 0 0 0 0 0 0 0 0 0 0 0-18 0-072 25632 1-184
Osprey Pandionhaliaetus RAP 0051  0-027 0-009 0008 0-044 0012 0007 0-002 0273 0-107 0574 0507 0-01 0-007 t t
Bald Eagle* Haliaeetus RAP 0 0 0 0 0 0 0 0 0-061 0-042 0-01 0-007 0-481 0-089 0-129 0-03
leucocephalus
Virginia Rail Ralluslimicola SHOR t t 0-174 0173 O 0 0 0 0 0 0 0 0 0 0 0
AmericanCoot* Fulica americana DIV 0-031 0-023 0-001 0-001 0-049 0-019 0-002 0-001 0-061 0-042 0-003 0-002 0-816 0-22 5-139 201
Snowy Plover Charadrius SHOR 0 0 0 0 0 0 0 0 t t t t 0 0 0 0
alexandrinus
Semipalmated Charadrius SHOR 0 0 0 0 0-003  0-003 t t 0 0 0 0 0 0 0 0
Plover semipalmatus
Killdeer Charadriusvociferus SHOR 0-031 0-017 0-261 0-259 0-005 0-004 0-001 0-001 0 0 0 0 0-019 0-012 0-007 0-004
Black-neckedStilt ~ Himantopus SHOR 0 0 0 0 0464 0222 0025 0011 0 0 0 0 0 0 0 0
mexicanus
AmericanAvocet*  Recurvirostra SHOR 0-153 0-152 0-009 0-009 0-203 0-097 0-041 0-03 0 0 0 0 0 0 0 0
americana
Solitary Sandpiper Tringa solitaria SHOR 0 0 0 0 0 0 0 0 0 0 0 0 0-005 0-005 t t
Willet Catoptrophorus SHOR 1-867 0-946 0-086 0-046 0013 0-009 0-001 0-001 0 0 0 0 0 0 0 0
semipalmatus
SpottedSandpiper Actitis macularia ~ SHOR 0551  0-203 0-092 0031 1718 0159 0589 0-263 0-303 0-109 0-047 0-022 0-073 0041 0012 0-008
CommonSnipe* Gallinago gallinago SHOR 0 0 0 0 0 0 0 0 0 0 0 0 0-005 0-005 0-047 0-047
Wilson's Phalarope Phalaropus SHOR 0 0 0 0 0 0 0 0 0 0 0 0 0-005 0-005 0-007 0-007
galllinago
Red-necked? Phalaropuslobatus SHOR 0 0 0 0 0405 0329 0074 0072 0 0 0 0 0 0 0 0
Phalarope
Ring-billed Gull Larus delawarensis SHOR 0-204 0-154 7-318 7-255 0049 0-03 0-016 0-014 0 0 0 0 0-01 0-007 0-001 0-001
California Gull Larus californicus SHOR 0-306 0-294 0-07 0069 0021 0018 t t 0 0 0 0 0-063 0-048 0-028 0-026
BeltedKingfisher ~ Cerylealcyon DIV 051  0-084 0-153 0052 0-062 0018 0008 0-003 003  0-03 0-016 0016 O 0 0 0
AmericanDipper*  Cinclusmexicanus SHOR 0-051 0-027 0-009 0-006 0021 0-013 0-004 0-002 0-091 0-05 0-016 0-011 0-218 0-047 0-074 0-025
AmericanPipit Anthusspinoletta  SHOR 0 0 0 0 0005 0-004 t t 0 0 0 0 0-005 0-005 0-001 0-001
Unid. Waders WAD 0041 0-02 0-007 0004 0-051 0033 0009 0-006 0 0 0 0 0044 0044 0-007 0-007
Unid. Dabblers DAB 1469 1061 0-259 0-239 0444 0-114 0-079 0-028 1121 0531 1632 1-522 11-646 4-87 38421 17551
Unid. Divers DIV 1.02 0935 0-231 0214 0-028 0015 0002 0-001 003  0-03 0-001 0-001 3-354 0-882 13431 11018
Unid. Ducks 4531 1156 2923 1378 0177 005 0041 0-013 0212 0-119 0-036 0025 16427 5-393 50737 26204
Unid. Shorebirds SHOR 0-796 0-401 0-165 0-103 0451 0-158 0-031 0-007 0121 0-071 1552 1-523 0-087 0-044 0-057 0-05
Divers DIV 5337 1639 1698 14527 0562 0086 0088 0-019 21152 0953 55346 47391 72223 8001 534431 112214
Dabblers DAB 9532 2713 11-641 8203 4-369 0493 1462 0519 8818 2333 40775 2657 77801 10511 49008 91267
Waders WAD 0929 0-199 0-284 0101 0613 0073 0313 0154 1.091 0-349 1.717 1519 1-029 0-12 1-147 0-351
Raptors RAP 0051 0-027 0-009 0008 0-044 0012 0007 0-002 0-333 0-119 0-584 0507 0-49 0-09 0-129 0-03
Shorebirds SHOR 4-388 1-254 8-183 7253 3-356 0-475 0-781 0-275 0515 0129 1-615 1-521 0-49 0-089 0-234 0-077
Other Other 4531 1:156 2:923 1378 0177 0-05 0041  0-013 0212 0-119 0-036 0025 16427 5-393 50737  26-204
Total ALL 24767 4534 40-02 25321 9121 0767 2692 0707 13121 271 100073 72949 168461 18648 1076758 203956

Otherwaterbid spedesrepoted from GrandCanyon, but not obseved by usduring the studyperiod Pacfic loon (Gaviapacffica), brown pelican* (Pelicanusoccidentalis), magnificent frigatebird
(Fregaa magnificeny, American bittern (Botauus lentiginosus), great egret (Casmerodis albus), wood stak (Mycteria amercang, Eurasianwigean (Anas pendope), Barrow’s goldenge
(Buceptala islandca), sora(Porzanacarolina), common moorhen (Gallinula chloropus), sandlil crare (Grus canadesi9, greateryellowlegs (Tringa melanolewca), lesseryellowlegs (Tringa
flavipe9, long-biled curlew (Nurrenius amercang, marbledgodwit (Limosafeda), semipaiated sandpiper(Calidris pusilla), western sandjper (Calidris mauri), least sandjper (Calidris
minutilla), pectoral sandpiper(Calidris melarotog, dunin (Calidris alpina), long-biled dowitcher (Limnodomus scolopaces), Bonapate’s gull (Larus philaddphia), herring gull (Larus
argertatug, Sabine’sgull (Xemasabni), conmontem (Sternahirundg, Forste’s tern (Sternaforsteri), black tern (Chlidonias niger)
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summe, and4 autumn(October)trips. We presenpnly descrigiive datafor the UT Uppe Lake Meadreach(13),
on which few surveyswere conduded.

We descrited reach-baed and temporal watebird distribution using canontal community ordinaton
(CANOCO; Ter Braak, 1992). This modified canonich correltion analyss seeksto descibe patternsof
assemblagecomposition in relation to patternsamag environnental variablkes. CANOCO also eliminates
undesirdle correlationshetweermultivariate axes which may confoundprincipal componentsanalysegPalme,
1993). CANOCO assumesa Gaussiardistribuion of speciesin relationto eachenvironmentalgradient,and
calculatescorreltion coefficients betwea sanplesandenvironmentalpredicta variables.We reducedvariance
by loge transfaming the AARE data,andusedseasonyear, distane of read mid-paint from GlenCanyonDam
and mean reat width asenvironmental predictors

RESULTSAND DISCUSSON

Waterbird diversity

A total of 85 watelbird specieshavebeendetecedin thestudy area,in 10 ordess and19families(Brownetal.,
1994), representing68% of the 125 waterbid speciesdetected in the northern Arizona/southernUtah region
(Woodbury and Russell, 1945; Phillips et al., 1964; Carothersand Sharber,1976; Blake, 1978; Pinnok and
Spencel993; Brown etal., 1994; Tablell; Appendk). Eight watembird speciedreel in the studyarea(Brown et
al., 1987,1994): bladk-crowned night heron (Nycticorax nyctcorax), greatblue heron (Ardea herodias four
nestsatkm 417in 1991,LES), mallard, blue-wingedteal (Anas discors a singe broodatkm 78in 1987,LES),
common mergansr (Mergus merganse on the Glen Caryon read in 1994, J. Grahane, peronal
commurication), American coot, spoted sandpiper (Actitis macularig km 89 in 1989 and 1990) and
American dippe (Cinclus mexicanusonly along tributaiies).

Historical studies

Althougharelatively diversewaterbid faunaexiged onthe pre-damColoradoRiver, substarial winteringand
summe breeding populations were not reported there, nor were distincive differences betwea reaches
identified. McKee (1930, 1937a) Bailey (1939), Woodbuy (1959, in lower Glen Canyon)and othe pre-dam
observes documened 23 species(Table Il). Pre-damlLees Ferry residets, dam workers and river runneas
reportal a geneal paucity of watebirds (Appendk). SpencerJohnsa andHal Nelsonlived at LeesFerry from
1923to 1931and1931to 1940, respectivey. As children, they hunted andfishedalong the river, andrepoted
that large winter waterbirdpopultionsdid not occurthere.Their observationsare particularly relevan becase
they walked to school pastour Lees Ferry observationpoint eachday during winter, where postdam winter
waterfow are now abundat. Johnsa repoted ‘greenhad’ (mallard) and ‘mudhen’ (probably American coot,
Fulica ameicana) breedingat the Paria River confluerte asit pondedduring late spring mainstream floods.
Martin Litton, who floatedthe river in the 1950sand early 1960s,reporteda single Canadagoosenestnearkm
220 (Brown et al., 1987),but we encouneredno othe reportsof mainstreanmwatekbird breeding

Riverrunner’sdiaries likewise suggestd little to no breedingor substantibwinter populationsprior to thedam
(Appendk). Early river runnas commonly obsened, repoted and shotwaterfowl that concentratedalong the
middle reacheof the GreenRiver (e.g. Edwards,unpublshed1941;Kolb, 1963) and downstreamfrom Grand
Canyon(e.g. Stone 1932; Sumner,in Marstm, 1969), but not in lower Glen Canyonor Grand Canyon(e.g.
Flavell,in CarmonyandBrown, 1987).Buzz Holmstrom’s(unpubished)reporton his 7-21 Novemker 1937trip
throughGrand Canyon wasrepresetative of thesejournak: the butterfly he obseved nearkm 48 was* .. .the
first living thing ... seensince enteringMarble Canyon.’ Few repots of shootingwatefow! exist in these
journak, despitefood shortage on many trips. M.K. Baker (1940, unpubished) repotted the expectedand
observedavifaunasheencouneredon a summe river trip in 1940,documening low densitiesof 10 watebird
species

Threestatemets appeato contadictthe generalpatten of pre-damwaterbid rarity (Appendix).(1) Of the83
daysspentin Grand Canyonon Stantons 1889-189 expediton, W.H. Edwards(1941, unpublidhed) repoted
‘...lots of ducks...’ on 28 Felruary 1890 nearkm 320. Although winter waterfow passthroughthis reach
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sporadially, it doesnot preently supportalargepost-damwintering popultion. We considerthis obsewationto

be consomntwith the post-danpatten of sporadicwaterbirdpresencéhere.(2) ProspetorsHarry Simpsonand
Martin Spencertraveisedthe variably turbid (VT) segmentin Octobe 1936, and reported’ ...mary unusu
waterfow ...’ (Anonymous1934). The post-danmwinter population on that segmentdoesnot arrive until mid-

Novemter, and they may have observedwhite pelican (Pelecanuserythrorhyncho3, shoréirds [e.g. black

neckal stilt (Himantopusmexicanuy or American avocet(Recunirostra americara)] or othea morphobgically
distincive migraory species (3) On 19 August 194Q during his first traverseof the Colorado River, Barry

Goldwater reported' .. .ducksand geese..consantly rising from the waterin front of us...” on the Lower
Grante Gorge reach(Read 12; B. Goldwater, 1940 and persoml communicaion). High summerdensitieson

thisreachon thattrip werenot corraboratedby M.K. Baker(1940,unpublised),andthereachpreseny suppots

few summer waterbirds. Mr Goldwaer’'s boat may havebeenrepetedly flushingthe sarre flock of waterfow.

Fromthesehistolic reports,we concludethatif anysubstarial watembird populationsoccurredin the unregulaed
river corridar, theywererare,sporalic andoccurredon differentsegmerd andseasonshanthoseof the post-dam
era.

Most pre-damwateibird speciegprobaly occurredon a wancering or accidentabask. At least23 (26-7%) of
the specesin this sysem occured before impoundmety andall reportel pre-damspeciesexceptbrown pelican
(Pelecanusoccidenalis) and curlew (Numerius sp.) are presentlyrelaively common Fifty (58-8%) of the
speciesn the systemarepresntly rareor accidentalBrown et al., 1994),andrarespeciesvereunlikely to have
beendetectedduring pre-damtime. Therefoe, manyadditional waterbiid speciesnay haveoccurredon the pre-
damriver, and flow regubtion may not have substantily increagd wateibird diversity. Also, we found no
evidencethat flow regulation resdted in the lossor decine of any river waterbid species

Post-damwatemirds

We detecteda total of 58 watembird specesduring read-basedsurveys from 1973to 1994 (Table II), with a
grand meanof 1382 watebirds/rezh (SE=31-0, n=727 surveys of individual reaches)and a grand mean
AARE of 3728 birdskm *h™ of obsewation per reach(SE=69-05). Our postdam assemblagelataincluded
68-2% of the speciesknown to occur in the study area, and 46-4% of the speciesreportedin the region.
Anseriformes (25 species)dominatedthe assemblageDiving (13 speciesyanddabbling(12 specie¥ waterfow
guilds were most common with gadwall >bufflehead (Buceph#a albeold >American wigeon>lesserscaup
(Aythyaaffinis) >commongoldeneye(total annualmeanAARE >40); consstentoccurrerce of redhead (Aythya
ameri@ana) >mallard>ring-neckedduck (Athya collaris) with a total meaxn AARE 10 to 40; and meanannual
AARE of commonmerganseandCanadagooseof 3-71 and2-85, respectivey. The shorebid guild (16 specie¥
was dominatd by spottedsandpipen(0-33), with ring-billed gull (Larus delawarenss) and California gull (L.
californicug (AARE << 0-03). Thewaderguild (six speciey wasdominatedby greatblue heron(0-57). Raptors
included bald eagle (0-04) and osprey (0-03). We observedsubsantial winter waterbird populationsin upper
GrandCanyonsince1975.

Seasoality

Definition of seasas. Analysis of AARE dataand multivariate analyses(below) allowed a clear definition
betwea winter and summe seasonsbut spring (April) and autumn (Octadber) migratory seasas were only
weakly distinguishable.Total meanwatehbird AARE was 89-fold greaterin winter thanin spring, summe or
autumn (Puvann—whitney<<0-00001) and spring AARE was greder than summe (Puann-whiney<<0-0001); but
autumnAARE wasequivalentto thatin springandsumme (Pyann—whitney—0-098and >0-1, resgectively; Table
II; Figures2A, 5B).

Winte seaso. Mean total AARE values increagd in mid-Novembey remained consitently high through
Februay anddeclinel in March (Figure 2A). Winter wateifowl dominatedthe overdl compgsition (Figure 2A—
C), but non-Anseiformes AARE values were more variable (Figure 2D—F) Piscivoious raptors comprised
0-012% of the entire winter watebird assenblage(Figure 2F).
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Tablelll. Meantotal mallardadultandduckling abundancebroodsizefrom LeesFerry (km 0) to the Little
ColoradoRiver confluence(km 98) by month during the summersof 1991-1994

Month Mean adult abundance Meanduckling Mean numberof Meanbrood
+1SD(n) abundancet1SD broods +1SD size +1SD
May 51.51423-216 (4) 8-313948 2011414 5-4+1-493
June 51.3+15-308 (3) 12745686 4.743.055 3010851
July 470 — (1) 210 — 80+ — 20 —
August 4-01+4-243(2) 1542121 1-0+1-414 0-8+1-061
September 36-4124-936 (5) 0-240-447 0-240-447 0-2+0-447

Winter AARE variedmonthly betwea speceswithin guilds (Tablell) . Onthe CW segmentdabblinggadwal
and Americen wigeonAARE werehighestin DecenberandJanuay, while green-wngedteal AARE peaka in
Februay andMarch. Diving Buceph#a spp.andcommonmergansr meanAARE wererelatvely constanfrom
Novemker to March, but Aythya spp. AARE peaka in mid-winter. Canadagoose AARE peakedearly and
declinad in mid-winter, a patten oppositeto that of green-wngedteal and bald eagle.

Migration. Mean April andOctobe AARE wereintermedate for mostwaterbirdspeciegTablell, Figure 2),
and severalcommonwinter waterfowl (e.g. Buceph#a spp., gadwall and American wigeon) were relativdy
abundat during migration. Howeve, snowy egret(Egrettathula), gred blue heron osprey,Larus spp.,killdeer
(Charadrius vociferug and belted kingfisher (Ceryle alcyor) primarily occurred as spring and/or autunn
migrants.

Summerseaso. Sumirer watebird populationsand AARE were low comparedwith thosein winter, with
dominarce by mallardand conmon mergansr (meanAARE=1-07 and0-07, respectivéy; Tablell, Figure 2).
Spottedsandpiperand greatblue heronwere relaively conmon (0-59 and 0-28, respedtvely), and wandering
flocks of American avoce and Phalaropusspp.also occured.

Intensiveobsevation of sunmer bird popultionssince 1973 revealed that post-dammallard breedingalong
the mainstrem did not beginuntil 1982 (Brown et al., 1987). Although mallard AARE decrease 30-fold from
winter to summe, virtually every large eddy on the CW and VT segmentssupportel a mallard pair during
summe from 1990to 1994 (Table Ill). We obseved no successfl mainsteambreedingof mallard during the
high flows of 1983-198, but mallard broodshavebeenregularly obsewved since1987 on thewide CW andVT
segmers, to a lesserextent on narrow VT reachesrarely on the UT Furnae Flatsreach,and not dowrstream
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Figure 2. Mean waterbird guild AARE (birdskm™2hr™%) by month: (A) total waterbird assemblag; (B) diving waterbirds;(C) dabbling
waterfowl; (D) wadingbirds; (E) shorebirds{F) piscivorousraptors.Error barsare 1 SE
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from km 122.We located mallardnestsat km —0-1R, 4-2L, 54-0R, 89-0R and114-2L. All nest lay betwee the
800 and 950m°/s stages in dense horsdail (Equisetun laevigaum X hyemal¢ stands,where they were
susceptike to inundationby high dischages.

Despitethe manymallard pairsobserved, mear monthly duckling abundacebetwee LeesFerryandkm 122
remainedow (<<21) from 1991to 1994 (Table IIl). Broodswereobsevedfrom May until Septenber,andmean
brood size decrease from 5-4=41-49 in May to 0-23-0-45 ducklings/broodin Septenber. Deaeasingmean
broodsize waspartially attributableto observedredationby peregrinefalcon (Falco pereginus), commonraven
(CorvuscoraX and mammalian preddors, specesthat appea to haveincreasedn abundace following flow
regulation.

Distance(turbidity) and reachwidth effects

Seasoal watebird AARE varied strongly betwee turbidity segnents(Figures3A-F and4A-F). Meantotal
AARE deceasedrom 45480n the CW segmento 24-7 on the VT segnent (a 184-fold decreask andfurther
decrease to 2-1 on the UT segment(a 12-fold decreasgFigure 3A). Mean diving and dabbing guild AARE
decrease over distan@ during winter (Prrieaman<<0-0001), and decreasé non-linealy during summer
(Prriedman—0-066 for summerdabbling wateibirds), but not during migration (Pgriegman=>0-1 for both spring
andautumn; Figures3B-C, 4B—C).Meanwinter diving guild AARE was54-fold higheronthe CW segmenthan
on the first VT reach,decreasé acrcss distane to the LCR confluerte, but was <1-0 amang the reaches
downstreamfrom km 123 (Figure 3B). Similarly, meanwinter dabblng guild AARE decreaseé 38-fold from the
CW segmentto the uppemost VT read (Figure 3C), while mean AARE of othea guilds deceasednon
significantly betwea turbidity segmerg. Thesegeneal pattensalso occurredduring summerbut AARE values
were much lower (Figure 4C). The highe ratio of dabbling (hemhivorous)to diving (predatory) waterfowl on
upperreachesurtherindicatesthe extent to which flow regulaton hasalteredthetrophic strucurein this system.

In contrastto strongrelationdips with turbidity (flow regulation), seasonalvateibird AARE wasslightly, but
significantly, greder on wide veraus narrow geomorplologicd reachegFigures3A-F and 4A-F). Meantotal
AARE deceasedrom 28-45to 20-91 on wide veraus narow VT reachega 1-4-fold decease)andfrom 2-5 to
19 on wide veras narrow UT reades (a 1-3-fold decease)and from 2:5 to 1-9 on wide versus narrow UT
reachega 1-3-fold decease prriedrran=0-0002).This differencewasthe resultof two- to threefold highermean
winter dabbling guild AARE betwe& wide versusnarrow reacheswithin VT and UT segmerd (multiple
comparsonsPrriedman<<0-05; Figure 3C). The abundancef otherwinter guilds did not differ betweerwide and
narrowreades(Pgrieaman=>0-05; Figure 3B, D-F). Sunmertotal AARE of all guildswasnot sigrificantly greater
betwea wide andnarow VT andUT segmend (multiple comparisos periedman=>0-05; Figure 4A—F).
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Figure3. Meanwinter waterbirdguild AARE (birdskm2hr™%) onthe 13 ColoradoRiver reaches(A) total waterbirdassemblag; (B) diving
waterbids; (C) dabblingwaterfowl; (D) wadingbirds; (E) shorebirdsF) piscivorais raptors.Error barsare 1 SE
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Figure4. Mean summerwaterbirdguild AARE (birdskm™2hr™?) on the 13 ColoradoRiver reaches(A) total waterbirdassemblag; (B)
diving waterbids; C) dabblingwaterfowt (D) wadingbirds; (E) shorebirds{F) picivorous raptors.Error barsare1 SE

Wide VT segnent reachescontain equivalent numkers of low velocity eddies, but five to ten-fold higher
standirg massof benthic algae and invertebrates,and 1-6- to 2-8-fold higher total areaof fluvial marshes,
compare with narrowreacheqSchmit and Graf, 1990; Stevenset al., 1995, in press;Table I). Despitethese
largebiological differencesbetweerwide andnarrowreates,watebird AARE wasonly slightly greateronwide
versusnarrow reachescomparedwith the large deceasein watebird AARE over distane dowrstreamand
betwea turbidity segments.

Ordination

Interactionshetwea speciesandenvironmenal variableswere clarified throughordinaion analysesThe first
three CANOCO axesdescriled 89-7% of the watebird speciesa-envionment(S—E)relatonship (Figure 5A).
CANOCOaxis 1 (eigenvalue=0-451,55-4% of the S—Erelation$ip) waspostively correlatedwith seasnality
anddistan@ downstreanfrom Glen Canyon Dam, andnegaively correltedwith reachwidth andyear. Axis 2
(eigenvdue =0-174, 21-4% of the S—E relationsip) was positively correlatedwith read width, the primary
geomorplologicd variable. Axis 3 (eigenvalue=0-105, 12-9% of the overdl S—E relaionship) was wegkly
negatiwely correlated with seasonalit and year. Thus, seasonaly exertedthe stronges influence over guild
distribuion, with strongdifferences betwea winter andsumme composition,andtranstional differences during
April and Octobe migretion (Figure 5B). Distancefrom the dam (turbidity) and geomorplc reach width
influencedcompositionin a non-linear,circuitousfashion(Figure 5C). Lower axis 1 valuesoccurredon the clear
waterandwider reachesandhighe valueson the moreturbid andnarrower reades.The upperLake Meadreach
(13) exhibited greatersimilarity to the upsteamturbidity segmentsand wide reachesalthoughoverall mean
AARE therewaslow (Figure 3A). Diff erencesbetwee yearsin this sysem werelargely driven by increased
Bucephia spp.abundace over post-damtime, anddevelopmenbf post-1982breedingmallardandwinter bald
eaglepopulations

Mechansms

The serialdiscontinuty concept (Ward and Stanbrd, 1983) proposeghatriver ecosywtemsrecovel from the
effectsof flow regulaton over distan@ dowrstreamin relationto river size,andtributary sizeandlocation. The
post-dam downsteam redudion in waterbird abundane consttutes ‘recovery’ of this assenblageto a state
resemlting the natual, depaugrate condtion of the river. Like the bentlos in this system downstream
‘recovery’ is notuni-directional (Stevenstal., in pres); rather, it is a circuitous,guild-specificassemblagshift,
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Figure5. Ordinationof the first two CANOCO axesfor post-damColoradoRiver waterbirddistribution Circlesrepresentl SD aroundthe

centroidmean.(A) Centroidsof speciesin samplesspaceof the meanwaterbird AARE for eachguild, and environmeral variables.(B)

Centroidsof samplesin speciesspaceof monthsand seasons(C) Centroidsof samplesin speciesspaceof geomorpholgical reaches
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influencedby abrug changs in turbidity andbenthicproduction(tributary effects),andreach-ontrolledaquatic
andwetland habtat distribution.

Waterfow and piscivarous raptors are strongly influenced by resourceavailability, as documengd for
waterfow downstreamfrom Grand Canyonby Anderson and Ohmat (1988). In contras, mog wading and
shorebid specieusedthe studyareaasstopoverabtat duringmigration or wanderingandwereonly indirectly
affectedby flow regulaton. We concludethat flow regulation effectshaveoverriddenthe influencesof natural
channé geomorphdéogy on river wateibird distribution, a patten that has not beenquantified previoudy. The
dramaticdecreasén AARE from the CW to the UT segnentsmatches the patten of decreaseé waterclarity and
decrease standing biomas of benthicalgaeandinvertebratesacrassthat distance but doesnot follow strongly
the patten of increasedvetlandhabitatalongwide versusnarrowreades(Tablel). Organt drift from the CW
segmentShanmn et al., 1996) may contributedirectly (as waterfowl forage) or indirectly (by increagng fish
abundace)to the maintenanceof higherwatembird densty betweenthe damandthe LCR. Howeve, the minor
decreasein water clarity downstreamfrom the LCR confluence further reducedbenthic standirg biomass
(Stevensetal., 1997), overridng the benefitsof increagd drift. Increagd turbidity onthe UT segmentimits the
waterbid assemblagthereprimarily to migrant or vagrantspeciesdespte abundat wetlandvegeationonwide
reaches.

Our resuts are regionally consstentwith those of Anderson and Ohmat (1988) who repoted increased
Bucephda popuktionsfollowing flow regulaton, and substaril postdam winter popultions of Bucephéa,
Anas Aythya and Mergus speciesalong the lower ColoradoRiver. In contrast, Steeleand Vander Wall (1985)
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observedthat White River, Utah, watefowl populationsincreagd during spring. Although numeous reports
existof substanal wintering waterfow popuktionsonwide reacheof the GreenRiver (Appendix),the absee
of a large popultion on the White River may be relatedto its small streamsize,geomorplologicd constaints,
ice formation or migratory stagingbehaviour

An alternative hypothesis may explain our results: as a large body of water, Lake Powell may attract
waterbids, resuting in the observednegative correlationbetwee waterbirddensty and distancedowrstream
from the dam. We reject this hypothesisbecase: (i) the winter assenblageon Lake Powell differs greatly in
comparsonwith that on downsteamreaches{ii) wintering and summe breealing popuktionswere largestat
LeesFery andon the Marble Canyonread, respedtely, and not immediately downstreanfrom the dam;and
(i) with surfaceareaeffectscontrolled, watefowl andpicivorousraptordensitieswerestill significantly greater
on wide reacheswherefood and nestinghabitatresourcesre more available

Managmentimplications

River managerent practicescaninfluencewaterbirddistribuion. For example mallardnestingwaslimit ed by
high flows from 1983 to 1986.Therelatively largewinteringwaterbid populationat LeesFerry may be partially
attributed to its managerantasa ‘no wake’ boatingzonein which huntingis not permited. Othernon-hunting
recreatbnal activities, suchas motor boattraffic, alsoinfluence distribution (Brown and Stevensjn press).We
observedthat virtually all watembird species exceptmallard, repeately flushedfrom their restirg or foraging
areasin respnseto passingriver boats,often flying mary kilometres downstream.Reducion of winter boat
traffic during the morningforaging hoursat NankoweapCreekcould improve the quality of stopoverhabtat for
wintering bald eagles. Increagd post-dam aquaic and riparian produdion has also increagd preddor
popukbtions[e.g. bald eagle,peregrinefalcon, common ravenand coyote (Caris latrans)], thereby increasng
predatorpresureon wateiirds (Brown et al., 1989;L.E.S,, peronal observabns).

Develgpment of dischage maragementstrateges that optimize waterbird diversity, bentic and riparian
produdion and accessto those resource for watebirds, requires: (i) clear definition of maragementgoalsand
objectives (ii) understandingrelation$ips betwee histoiical, exiging and potential waterbid and other
avifauna distribuions, aswell asunderstandig seasonashiftsin food andhabtat availability undernormaland
exceqional flow regimes; and (iii) actve incorporaion of monitoring and resarch data into an adapive
managerant progranme.

Flow regulationwill not offsetall waterbid habitatandpopulationlossesn impoundedupstrean reachesand
is unlikely to mitigate thos lossesin all river sysems. Waterbrd speciesrequiring open, sparselyvegetated
lower riparian zone foraging and nesting habitats (e.g. spoted sandpiperand other shoréird species and
Neotopical migrant passenes)may decreas®n regulaedriverswith largedaily varying flows andlittle annual
flooding (Repking and Ohmat, 1977; Books, 1985; Ziewitze et al., 1992).

CONCLUSIONS

Historical soures indicate that flow regulaton increagd winter and breeding Colorado River wateibird
popukbtionsin lower Glen Canyon and upperGrandCaryon. Post-danmseasonalvaterfow popuktion densites
vary more strongly in relaton to distance(turbidity) downstreamfrom the dam than to read width (naturd
channé geomorplology), but seasonatlistribution variesbetwea feedingguilds. Meanwinter watebird AARE
decreasdy threeordersof magitude from the clear water segmento the usually turbid segmentwhile wide
reacheonthose segmerg suppot < 1-4-fold greatermeanAARE compare with narrowreachesln contras to
dabblingand diving wateifowl, mog wading bird, shorebid and somepisdvorous raptor (e.g. osprey)species
occurasmigrants or wanderers,andthe effects of flow regulaton and naturalchannelgeonorphologyon these
taxaareindirect. Summerbreedingmallard aredistributedin relationto both dam-réatedwaterclarity on upper
turbidity segmentsandincreagd shorelinevegetaion on wide geomaphologicalreachesFlow regulation may,
to someextent,offsetupsteamwatembird popuktionandhabitatlosseson regulatedrivers,but effectiveflow and

(©)1997 by JohnWiley & Sons,Ltd. Regul.Rivers.Vol. 13, 151-169(1997)



GRAND CANYON WATERBIRDS 165

avifaund managerent requires appication of scientific information on waterbird distribuion and ecology to
achieveclearly definedmaragemenibjectives
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Observer Year Commens

J. W. Powdl 1869,1872 He reportedkilling ‘a fine lot of ducks’ (Powell, 1895, p. 147) on the middle
GreenRiver, but neitherPowellnor Dellenbagh (1908)mertionedwaterfowl in
the GrandCanyon, despte precariousf low food supplesin 1869 (5—-29
August),or in 1872 (17 August to 8 Septembr; Fowler and Fowler, 1968).

J.C. Sumner 1869 On the first Powell expediton, Sumne documengd diverse and abundat
waterfowl on GreenRiver (Marston,1969), but Grand Canyon datawere not
recorded

J.D. Lee 1871-18% LeeeshblishedLeesFerty in 1871.In his detailedjournal (Cleland andBrooks,
1983) he mack no mentim of watembirds at the ferry site.

R. B. Stanton 1889 During anextendedwo-pat expediton, Stantonmentionedsnipe in upperGlen

Canyon(Smith and Cranpton, 1987, p. 107); and reportedthat his party shot
oneduck nearkm 30-5 on 12 July 1839 (p. 78), andanoter nearkm 3250n 28
February1890 (p 232).

W. H. 1889-189 He participatel in Stanton’ssecom expedtion from 28 November1889to 23

Edwads March 1890 (28 Decembetto 17 March in GrandCanyon;Edwards,1941),
reportingthata crew membe shotone duck nearkm 160 on 1 February1890.
On 28 Februay 1890nearkm 325 herepoted ‘ ...lots of duckstoday.’

G. F. Flavell 1897 During a beave trapfng expediton from 27 August, 1896to 8 Januay 1897
(17-300ctobe in Grand Canyon) Flavell reporteda paucity of wildfowl and
wildlife in Caaract,Glen and Grandcanyors (Carmonyand Brown, 1987, p.
74).

J.D. Stone 1909 During a hunting andtrappingexpediton from GreenRiver, Wyoming to
NeedlesCaliforniafrom 12 Septemkerto 19 November1909(28 Octobe to 15
Novemter in GrandCanyon) Stone(1932) reportedshootingmany waterfow!
on the GreenRiver andupper Glen Canyon(1932:e.g.pp. 62,71,8081), andin
Black Canyondownstreamfrom the GrandCanyon,including‘ ...anenormous
flock of snowgeese..’ (p. 106)upstreanfrom Fort Mojave),but no waterbirds
wererecadedin GrandCanyon.

E.andE.Kolb 1911-192 During their motion picture filming expediton from GreenRiver,Wyoming to
the lower ColoradoRiver basin(11 Septemier 1911to 18 Januaryl912,andin
GrandCanyon from early November1911to 12 Januay 1912),the Kolb
brothersreportal watefowl on the Greenand upperColoradorivers (Kolb,
1963, pp. 46, 132), but recaded no watemird observaibns in GrandCanyon.
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R. H. Webb (US Gedogical Suvey, Tucson,written commurcation) repoted
thatthe US Gedogical Surveystdf shotor reportedducksat KanabCreek(1),
nearkm 328(' ...afew, thefirst for severaldays), andatkm 447 (4), aswell as
agred blue heronat km 319 duringtheir 1 Augustto 13 Octobe 1923mayping
expedition.Neither F. B. Dodge (1944, unpublshed)nor C.H. Birdseye (1923,
unpublisred) commented on watebirds in their diaries.

Johnsorived at LeesFerryfrom 1923and1931anddescibed his childhod of
huntingandfishing activitiesalongthe ColoradoRiver thereduring aninterview
with StevensandBuck in 1993. He descriled limited watefow! breeding, and
occasioml other speciesbut statedthat no signficant watefowl popuktions
occurredthere.

H. Simpsonand M. Spencerprospeabrs, boatedfrom LeesFerryto Phantom
Ranchin Octobe 1936andrepoted ... mary unusudwaterfow ...’ to E. D.
McKee (Anonymous,1934).

On his soloriver trip from 4 Octobe to 21 November1937(7—21Novemberin
GrandCanyon) Holmstrom (1937, unpublshed)reportednumerouswaterfowl
on the upperand middle GreenRiver (e.g.pp. 3, 4), but commented on the
dearthof life in Marble Canym (p. 15). He reported‘water ouzels’ (Cinclus
mexicanup at km 219.

R. H. Webb (US Gedogical Suvey, Tucson,written commurcation) repoted
that Burg shota singe duck on 16 Octobe 1938 nearkm 15.

On ariver expeditionin Novemter, 1937 McKee (1937h unpublisred datd
reportedgreatblue heronat km 242 (2) and315 (1), 11 mallard at km 336,0ne
gadwallat km 185, onenorthernpintail at km 319, and sevenbuffleheadat km
356.

Like E. D. McKee, Grater conpiled obsewationson Grand Canyon avifauna
which wereincluded in Bailey (1939)

Bailey (1939) sunmarizedwaterbid speciesobservaibns from GrandCanyon,
but hadfew dataon river corridar waterbids.

In aninterview with Stevensin 1994, Nelsonrelatedhis childhoal hunting
expeditionsat LeesFerryfrom 1931to 1940, reportingno sigrificant wintering
waterfowl populationsat Lees Ferry during that time.

On her summe trip with Nevills, Baker (1940, unpubished)listed the bird
speciesheexpeded andactuallyobseved (10 speciesn GrandCanyonin low
densitie} betwea GreenRiver, Wyoming and Lake Mead, Arizona. No
observatios of breedingwatefowl wererecorded

On the sametrip with M. Baker (abow), Goldwaer (1940, and written
commurncation) repoted numerouswateifowl on 14 August, 1940 near
DiamondCreek(km 362).

He madeno mertion of waterbirdsin his diariesof six summe trips (Nelson,
1991).

In addition,the followi ng pre-danriver runnes repoted during interviews with
Stevensn 1994 that waterbiids were generallyrare on the pre-damColorado
River, andtheydid not obsewe watefowl brealing duringtheir summertripsin
GrandCanyon:L. (Joter) Cutter(1938,1 trip), F. Wright (1940s severaltrips),
K. Frost(1940s—195Qsseveraltrips), T. Nichols (1950sand 1960s,seveal
trips), K. Sleight(1950sand1960s seveal trips), J. Cross,Sr. (1950sand1960s,
severaltrips) and J. Cross,Jr. (late 1950sand 1960s)
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P.T. Reilly 1950s As reportedby R. H. Webb (US Geologtal Survey, Tucson,written
commurication), Reilly reportal the followi ng summerwaterbiidsin his diaries:
1949and 1953 (no comments on wateibirds); early July 1955 (teal at km 250
and 386, a greatblue heronat km 330 and 350); 27 June1956 (two mallard at
km 215);1957(no commaentson watebirds); mid-May 1959(threeduckson the
PermianReach,one duck at km 23, six ducksat km 113); 9 July 1962 (two
ducksat km 245). In contras to thesepre-damtrips, Reilly recaded 22
waterbirds(at least four specie¥ during an early May 1964 trip.

M. Litton 1950s In interviews with Brown (Brown et al., 1987) and Stevensin 1994, Litton
reporteda Canadagoosenestnearkm 219 during summe in the late 1950s.
W. L. Rusho 1959 Rushoworked for the Bureauof Reclamaion during the constuction of Glen

CanyonDam.In aninterviewwith Stevensn 1994, hereportedthathe motored
from the damsite to km 12 in mid-winter, 1959, andrecdled only a few
waterfowl but he saw‘one or two gred blue heron'.

R. McCallum 1962 McCallum repeatety ranfrom LeesFerryto km 12-8 during Januay and
February,andreporta * ...almostno waterfow.’

Behle and Higgins (1959) conpiled databy Woodbuy (1939), Woodbuy and Russell (1945) and Behle
(1948),reportinga limited, seasnal presencef waterbirdsin Glen Caryon prior to compldion of Glen Canyon
Dam.

S. W. Carothes, R. R. Johnsa and N.J. Sharbe docunenteda substantib postdam wintering watetbird
popukbtion in upperMarble Canyonin Januay 1975 (Carothes and Sharber,1976 unpublshed).

Brown et al. (1987)sunmarizedall available literatureon GrandCanyonavifauna

Pinnockand Spence (1993, unpublshed)reportel on the avifaunaof the Glen Canyonread during 1992—
1993.

Brown et al. (1994) cormpiled the mog recentcheckist of GrandCanyonavifauna

APPENDIX

Historical journals,reports,publicaions andinterview datapertaning to pre-damandpostdam ColoradoRiver
waterbids betwea Glen CanyonDam and Lake Mead, Arizona.
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